

































































Development of a Core Outcome Set for Therapeutic Studies in Eosinophilic
Esophagitis (COREOS)
The COREOS Collaborators, Christopher Ma, MD MPH, Alain M. Schoepfer, MD,
Evan S. Dellon, MD, MPH, Albert J. Bredenoord, MD, PhD, Mirna Chehade, MD,
MPH, Margaret H. Collins, MD, Brian G. Feagan, MD, Glenn T. Furuta, MD, Sandeep
K. Gupta, MD, Ikuo Hirano, MD, Vipul Jairath, MD PhD, David A. Katzka, MD, Rish
K. Pai, MD, PhD, Marc E. Rothenberg, MD, PhD, Alex Straumann, MD, Seema S.
Aceves, MD, PhD, Jeffrey A. Alexander, MD, Nicoleta C. Arva, MD, Dan Atkins,
MD, Luc Biedermann, MD, Carine Blanchard, PhD, Antonella Cianferoni, MD, PhD,
Constanza Ciriza de los Rios, MD, Frederic Clayton, MD, Carla M. Davis, MD, Nicola
de Bortoli, MD, Jorge A. Dias, MD, Gary W. Falk, MD, MS, Robert M. Genta, MD,
Gisoo Ghaffari, MD, Nirmala Gonsalves, MD, Thomas Greuter, MD, Russell Hopp,
DO, Karen S. Hsu Blatman, MD, Elizabeth T. Jensen, MPH, PhD, Doug Johnston,
MD, Amir F. Kagalwalla, MD, Helen M. Larsson, MD, PhD, John Leung, MD, PhD,
Hubert Louis, MD, Joanne C. Masterson, PhD, Calies Menard-Katcher, MD, Paul
A. Menard-Katcher, MD, Fouad J. Moawad, MD, Amanda B. Muir, MD, Vincent A.
Mukkada, MD, Roberto Penagini, MD, Robert D. Pesek, MD, Kathryn Peterson,
MD, Philip E. Putnam, MD, Alberto Ravelli, MD, Edoardo V. Savarino, MD, PhD,
Christoph Schlag, MD, PhD, Philipp Schreiner, MD, Dagmar Simon, MD, Thomas C.
Smyrk, MD, Jonathan M. Spergel, MD, PhD, Tiffany H. Taft, PsyD, Ingrid Terreehorst,
MD, PhD, Tim Vanuytsel, MD, Carina Venter, PhD, RD, Mario C. Vieira, MD, PhD,
Michael Vieth, MD, Berber Vlieg-Boerstra, MD, Ulrike von Arnim, MD, Marjorie M.
Walker, BMBS, FRCPath, Joshua B. Wechsler, MD, MS, Philip Woodland, MD, John





To appear in: Journal of Allergy and Clinical Immunology
Received Date: 12 February 2021
Revised Date: 7 June 2021
Accepted Date: 1 July 2021
Please cite this article as: The COREOS Collaborators, Ma C, Schoepfer AM, Dellon ES, Bredenoord
AJ, Chehade M, Collins MH, Feagan BG, Furuta GT, Gupta SK, Hirano I, Jairath V, Katzka DA, Pai RK,
Rothenberg ME, Straumann A, Aceves SS, Alexander JA, Arva NC, Atkins D, Biedermann L, Blanchard
C, Cianferoni A, Ciriza de los Rios C, Clayton F, Davis CM, de Bortoli N, Dias JA, Falk GW, Genta RM,
Ghaffari G, Gonsalves N, Greuter T, Hopp R, Hsu Blatman KS, Jensen ET, Johnston D, Kagalwalla
AF, Larsson HM, Leung J, Louis H, Masterson JC, Menard-Katcher C, Menard-Katcher PA, Moawad
FJ, Muir AB, Mukkada VA, Penagini R, Pesek RD, Peterson K, Putnam PE, Ravelli A, Savarino EV,
Schlag C, Schreiner P, Simon D, Smyrk TC, Spergel JM, Taft TH, Terreehorst I, Vanuytsel T, Venter C,
Vieira MC, Vieth M, Vlieg-Boerstra B, von Arnim U, Walker MM, Wechsler JB, Woodland P, Woosley
JT, Yang G-Y, Zevit N, Safroneeva E, Development of a Core Outcome Set for Therapeutic Studies in
Eosinophilic Esophagitis (COREOS), Journal of Allergy and Clinical Immunology (2021), doi: https://
doi.org/10.1016/j.jaci.2021.07.001.
This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.
© 2021 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology.
Development of a Core Outcome Set for Therapeutic Studies in Eosinophilic 1 
Esophagitis (COREOS) 2 
Authors: The COREOS Collaborators 3 
Christopher Ma, MD MPH1,2*, Alain M. Schoepfer, MD3*, Evan S. Dellon, MD, MPH4, Albert J. 4 
Bredenoord, MD, PhD5, Mirna Chehade, MD, MPH6, Margaret H. Collins, MD7, Brian G. Feagan, 5 
MD2,8,9, Glenn T. Furuta, MD10, Sandeep K. Gupta, MD11, Ikuo Hirano, MD12, Vipul Jairath, MD 6 
PhD2,8,9, David A. Katzka, MD13, Rish K. Pai, MD, PhD14, Marc E. Rothenberg, MD, PhD15, Alex 7 
Straumann, MD16, Seema S. Aceves, MD, PhD17, Jeffrey A. Alexander, MD13, Nicoleta C. Arva, 8 
MD18, Dan Atkins, MD19, Luc Biedermann, MD16, Carine Blanchard, PhD20, Antonella Cianferoni, 9 
MD, PhD21, Constanza Ciriza de los Rios, MD22, Frederic Clayton, MD23, Carla M. Davis, MD24, 10 
Nicola de Bortoli, MD25, Jorge A. Dias, MD26, Gary W. Falk, MD, MS 27, Robert M. Genta, MD28,29, 11 
Gisoo Ghaffari, MD30, Nirmala Gonsalves, MD12, Thomas Greuter, MD3,16, Russell Hopp, DO31, 12 
Karen S. Hsu Blatman, MD32, Elizabeth T. Jensen, MPH, PhD33, Doug Johnston, MD34, Amir F. 13 
Kagalwalla, MD35,36, Helen M. Larsson, MD, PhD37, John Leung, MD, PhD38, Hubert Louis, MD39, 14 
Joanne C. Masterson, PhD40, Calies Menard-Katcher, MD10, Paul A. Menard-Katcher, MD41, 15 
Fouad J. Moawad, MD42, Amanda B. Muir, MD43, Vincent A. Mukkada, MD44, Roberto Penagini, 16 
MD45,46, Robert D. Pesek, MD47, Kathryn Peterson, MD48, Philip E. Putnam, MD44, Alberto Ravelli, 17 
MD49, Edoardo V. Savarino, MD, PhD 50, Christoph Schlag, MD, PhD51, Philipp Schreiner, MD16, 18 
Dagmar Simon, MD52, Thomas C. Smyrk, MD53, Jonathan M. Spergel, MD, PhD21, Tiffany H. Taft, 19 
PsyD12, Ingrid Terreehorst, MD, PhD54, Tim Vanuytsel, MD55,56, Carina Venter, PhD, RD19, Mario 20 
C. Vieira, MD, PhD57, Michael Vieth, MD58, Berber Vlieg-Boerstra, MD59, Ulrike von Arnim, MD60, 21 
Marjorie M. Walker, BMBS, FRCPath61, Joshua B. Wechsler, MD, MS35, Philip Woodland, MD62, 22 
John T. Woosley, MD63, Guang-Yu Yang, MD, PhD64, Noam Zevit, MD65,66, and Ekaterina 23 
Safroneeva, PhD67 24 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 2 of 44 
 26 
Affiliations: 27 
1 Division of Gastroenterology and Hepatology, Departments of Medicine & Community 28 
Health Sciences, University of Calgary, Calgary, Alberta, Canada 29 
2 Alimentiv Inc, London, Ontario, Canada 30 
3 Division of Gastroenterology and Hepatology, Centre Hospitalier Universitaire Vaudois 31 
(CHUV) and University of Lausanne, Lausanne, Switzerland 32 
4 Center for Esophageal Diseases and Swallowing, Division of Gastroenterology and 33 
Hepatology, University of North Carolina at Chapel Hill School of Medicine, Chapel Hill, NC, 34 
USA 35 
5 Department of Gastroenterology and Hepatology, Amsterdam University Medical Center, 36 
Amsterdam, The Netherlands 37 
6 Mount Sinai Center for Eosinophilic Disorders, Icahn School of Medicine at Mount Sinai, 38 
New York, NY, USA 39 
7 Division of Pathology and Laboratory Medicine, Cincinnati Children’s Hospital Medical 40 
Center, Cincinnati, OH, USA 41 
8 Department of Medicine, Western University, London, Ontario, Canada 42 
9 Department of Epidemiology and Biostatistics, Western University, London, Ontario, 43 
Canada 44 
10 Digestive Health Institute, Children's Hospital Colorado, Gastrointestinal Eosinophilic 45 
Diseases Program, Section of Pediatric Gastroenterology, Hepatology and Nutrition, 46 
University of Colorado School of Medicine, Aurora, Colorado, USA 47 
11 Division of Pediatric Gastroenterology, Hepatology and Nutrition, Riley Hospital for 48 
Children/Indiana University School of Medicine, Indianapolis, IN, USA 49 
12 Division of Gastroenterology & Hepatology, Northwestern University, Feinberg School of 50 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 3 of 44 
13 Division of Gastroenterology, Mayo Clinic, Rochester, MN, USA 52 
14 Department of Pathology and Laboratory Medicine, Mayo Clinic Arizona, Scottsdale, AZ, 53 
USA 54 
15 Division of Allergy and Immunology, Department of Pediatrics, Cincinnati Children's 55 
Hospital Medical Center, University of Cincinnati College of Medicine, Cincinnati, OH, USA 56 
16 Department of Gastroenterology and Hepatology, University Hospital Zurich, Zurich, 57 
Switzerland 58 
17 Division of Allergy Immunology, University of California, San Diego, Rady Children's 59 
Hospital, San Diego, CA, USA 60 
18 Department of Pathology and Laboratory Medicine, Ann & Robert H. Lurie Children’s 61 
Hospital of Chicago, Northwestern University, Feinberg School of Medicine, Chicago, IL, 62 
USA 63 
19 Gastrointestinal Eosinophilic Diseases Program, Children’s Hospital of Colorado, Section 64 
of Allergy and Immunology, University of Colorado School of Medicine, Aurora, Colorado, 65 
USA 66 
20 Nestlé Institute of Health Sciences, Nestlé Research, Société des Produits Nestlé, Vevey, 67 
Switzerland 68 
21 Division of Allergy and Immunology, Department of Pediatrics, Children’s Hospital of 69 
Philadelphia, Perelman School of Medicine at University of Pennsylvania, Philadelphia, PA, 70 
USA 71 
22 Department of Gastroenterology, Hospital Clínico San Carlos, Universidad Complutense, 72 
Instituto de Investigación Sanitaria San Carlos (IdISSC), Madrid, Spain 73 
23 Department of Pathology, The University of Utah, Huntsman Cancer Hospital, Salt Lake 74 
City, UT, USA 75 
24 Immunology, Allergy, and Retrovirology Section of the Department of Pediatrics, Baylor 76 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 4 of 44 
25 Department of Translational Research and New Technology in Medicine and Surgery, 78 
Division of Gastroenterology, University of Pisa, Cisanello Hospital, Pisa, Italy 79 
26 Pediatric Gastroenterology, Centro Hospitalar S. João, Porto, Portugal 80 
27 Division of Gastroenterology, University of Pennsylvania Perelman School of Medicine, 81 
Philadelphia, Pennsylvania, USA 82 
28 Inform Diagnostics, Irving, TX, USA 83 
29 Department of Pathology, Baylor College of Medicine, Houston, TX, USA 84 
30 Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Medicine, 85 
Pennsylvania State College of Medicine, Hershey, PA, USA 86 
31 University of Nebraska Medical Center, Children's Hospital and Medical Center, Omaha, 87 
NE, USA 88 
32 Section of Allergy and Clinical Immunology, Dartmouth-Hitchcock Medical Center, 89 
Dartmouth Geisel School of Medicine, Hanover, NH, USA 90 
33 Wake Forest University School of Medicine, Department of Epidemiology and Prevention, 91 
Winston-Salem, NC, United States 92 
34 Asthma and Allergy Specialists, Charlotte, NC, USA 93 
35 Division of Gastroenterology, Hepatology and Nutrition, Department of Pediatrics, Ann & 94 
Robert H. Lurie Children's Hospital of Chicago, Chicago, IL, USA 95 
36 Division of Gastroenterology, Department of Pediatrics, John H. Stroger, Jr. Hospital of 96 
Cook County, Chicago, IL, USA 97 
37 Department of ENT, Head and Neck Surgery, NÄL Medical Centre, Trollhättan, Sweden 98 
38 Division of Gastroenterology, Tufts Medical Center, Boston, MA, USA 99 
39 Department of Gastroenterology, Hepatopancreatology and Digestive Oncology, Erasme 100 
Hospital, Université Libre de Bruxelles, Brussels, Belgium 101 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 5 of 44 
41 Division of Gastroenterology and Hepatology, University of Colorado Anschutz Medical 103 
Campus, Aurora, CO, USA 104 
42 Division of Gastroenterology & Hepatology, Scripps Clinic, La Jolla, CA, USA 105 
43 Center for Pediatric Eosinophilic Diseases, Division of Gastroenterology and Hepatology & 106 
Nutrition, Children's Hospital of Philadelphia, University of Pennsylvania Perelman School 107 
of Medicine, Philadelphia, PA, USA 108 
44 Division of Gastroenterology, Hepatology and Nutrition, Cincinnati Children's Hospital 109 
Medical Center, Department of Pediatrics, University of Cincinnati College of Medicine, 110 
Cincinnati, OH, USA 111 
45 Department of Pathophysiology and Transplantation, University of Milano 112 
46 Fondazione IRCCS Ca' Granda, Ospedale Maggiore Policlinico, Milano, Italy 113 
47 Division of Allergy and Immunology, University of Arkansas for Medical Sciences and 114 
Arkansas Children’s Hospital, Little Rock, AR, USA 115 
48 Division of Gastroenterology, The University of Utah, Salt Lake City, UT, USA 116 
49 University Department of Pediatrics, Children's Hospital - Spedali Civili, Brescia, Italy 117 
50 Department of Surgery, Oncology and Gastroenterology, DiSCOG, University of Padua, 118 
Padua, Italy 119 
51 II. Medizinische Klinik, Klinikum Rechts der Isar, Technische Universität München, 120 
München, Germany 121 
52 Department of Dermatology, Inselspital, Bern University Hospital, University of Bern, Bern, 122 
Switzerland 123 
53 Department of Pathology, Mayo Clinic, Rochester, MN, USA 124 
54 Department of ENT, Amsterdam University Medical Centre, Amsterdam, the Netherlands 125 
55 Gastroenterology and Hepatology, University Hospitals Leuven, Leuven, Belgium 126 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 6 of 44 
57 Department of Pediatrics, Pontifical Catholic University of Paraná and Center for Pediatric 128 
Gastroenterology, Hospital Pequeno Príncipe, Curitiba, Brazil 129 
58 Institute for Pathology, Klinikum Bayreuth, Friedrich-Alexander-University Erlangen-130 
Nuremberg, Erlangen, Germany 131 
59 University Medical Center Groningen University of Groningen The Netherlands 132 
60 Department of Gastroenterology, Hepatology and Infectious Diseases, University Hospital, 133 
Magdeburg, Germany 134 
61 Centre of Research Excellence in Digestive Health, University of Newcastle, NSW Australia 135 
62 Wingate Institute of Neurogastroenterology, Barts and the London School of Medicine and 136 
Dentistry, Queen Mary University of London, London, UK 137 
63 Department of Pathology and Laboratory Medicine, University of North Carolina at Chapel 138 
Hill School of Medicine, Chapel Hill, NC, United States 139 
64 Division of Pathology, Northwestern University, Feinberg School of Medicine, Chicago, IL, 140 
USA 141 
65 Institute of Gastroenterology, Nutrition and Liver Diseases, Schneider Children's Medical 142 
Center of Israel, Petach Tikva, Israel  143 
66 Sackler Faculty of Medicine, Tel Aviv University, Tel-Aviv, Israel 144 
67 Institute of Social and Preventive Medicine, University of Bern, Switzerland 145 
Short Title: Development of a Core Outcome Set for EoE 146 
Word Counts 147 
Abstract Word Count: 251 148 
Manuscript Word Count: 6949 149 
Number of Tables: 3 150 
Number of Figures:  2 151 
Number of Supplemental Tables: 3 152 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 7 of 44 
Financial Support 154 
Authors' declaration of personal interests: 155 
C. Ma has (i) received consulting fees from AVIR Pharma Inc. and Alimentiv (formerly Robarts 156 
Clinical Trials Inc.); A. M. Schoepfer received (i) consulting fees and/or speaker fees and/or 157 
research grants from Adare Pharmaceuticals, Inc., AstraZeneca, AG, Switzerland, Aptalis 158 
Pharma, Inc., Celgene Corp., Dr. Falk Pharma, GmbH, Germany, Glaxo Smith Kline, AG, Nestlé 159 
S. A., Switzerland, Novartis, AG, Switzerland, Receptos, Inc., and Regeneron Pharmaceuticals, 160 
Inc.; E. S. Dellon (i) received research funding from: Adare/Ellodi, Allakos, AstraZeneca, GSK, 161 
Meritage, Miraca, Nutricia, Celgene/Receptos/BMS, Regeneron, Shire/Takeda; consulting fees 162 
from: Abbott, Adare/Ellodi, Aimmune, Allakos, Amgen, Arena, AstraZeneca, Avir, Biorasi, 163 
Calypso, Celgene/Receptos/BMS, Celldex, Eli Lilly, EsoCap, GSK, Gossamer Bio, Parexel, 164 
Regeneron, Alimentiv Inc., Salix, Sanofi, Shire/Takeda; and educational grants from: Allakos, 165 
Banner, Holoclara; A. J. Bredenoord (i) received research funding from Nutricia, Norgine, SST 166 
and Bayer and received speaker and/or consulting fees from Laborie, Arena, EsoCap, Medtronic, 167 
Dr. Falk Pharma, Calypso Biotech, Gossamer, Alimentiv, Reckett Benkiser, Regeneron and 168 
AstraZeneca; M. Chehade received (i) research funding from Regeneron, Allakos, Shire, 169 
AstraZeneca, Danone; consulting fees from Regeneron, Allakos, Adare, Shire/Takeda, 170 
AstraZeneca, Sanofi, Bristol Myers Squibb; lecture honoraria from Nutricia, Medscape, Vindico; 171 
M. H. Collins is (i) a consultant for Allakos, Arena, Astra Zeneca, Calypso, Esocap, GSK, 172 
Receptos/BMS, Regeneron, Shire, a Takeda company, and Alimentiv (formerly Robarts Clinical 173 
Trials, Inc); and reports research grants from Receptos/BMS, Regeneron, and Shire, a Takeda 174 
Company; B. G. Feagan reports (i) consulting fees from Allakos, Alimentiv Inc. (formerly Robarts 175 
Clinical Trials, Inc.), Sanofi, Bristol Myers Squibb; G. T. Furuta reports (i) salary support from 176 
EnteroTrack; S. K. Gupta reports (i) personal fees from Allakos, Abbott, Adare, Celgene, 177 
Gossamer Bio, QOL, Medscape, Viaskin, research grants from Shire, and royalties from 178 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 8 of 44 
Celgene/Receptos, Regeneron, Shire/Takeda; consulting fees from: Adare, Allakos, Arena, 180 
AstraZeneca, Celgene/Receptos, Eli Lilly, EsoCap, GSK, Gossamer Bio, Regeneron, 181 
Shire/Takeda; V. Jairath reports (i) consulting fees from Alimentiv Inc. (formerly Robarts Clinicaly 182 
Trials, Inc.); D. A. Katzka reports (i) consulting fees from Takeda, Sanofi, and Shire; R. K. Pai 183 
reports consulting fees from Eli Lilly, Genentech, Allergan, and Alimentiv (formerly Robarts 184 
Clinical Trials, Inc.); M. E. Rothenberg reports (i) personal fees from Celgene, Astra Zeneca, 185 
Arena Pharmaceuticals, Adare Pharmaceuticals, GlaxoSmith Kline, Guidepoint and Suvretta 186 
Capital Management, and (iii) has an equity interest in Pulm One, Spoon Guru, ClostraBio, Serpin 187 
Pharm and Allakos, and royalties from reslizumab (Teva Pharmaceuticals), PEESSv2 (Mapi 188 
Research Trust) and UpToDate. M.E.R. is (iv) an inventor of patents owned by Cincinnati 189 
Children’s Hospital; A. Straumann reports (i) personal fees from Allakos, Astra-Zeneca, Calypso, 190 
EsoCap, Falk Pharma, Gossamer, Nutricia, Pfizer, Receptos-Celgene, Regeneron-Sanofi, 191 
Roche-Genentec, Shire, Tillotts; S. S. Aceves reports (i) being a consultant for Regeneron, Astra-192 
Zeneca, Astellos, and AImmune and (iv) a UCSD patent licensed to Shire-Takeda Pharma; J. A. 193 
Alexander reports (i) personal fees or grants from Regeneron and Adare Pharmaceuticals and 194 
(iii) has equity interest in Meritage Pharmacia; L. Biedermann reports (i) personal fees from Vifor, 195 
Falk Pharma, Esocap, Calypso; C. Blanchard (ii) is an employee of Société des produits Nestlé 196 
S.A.; C. Ciriza de los Rios reports (i) consulting fees for Norgine and Allergan; C. M. Davis reports 197 
(i) research grants from the National Institutes of Health/National Institute of Allergy and Infectious 198 
Disease (Consortium of Food Allergy Research/Consortium of Eosinophilic Gastrointestinal 199 
researchers), DBV Technologies, Aimmune Therapeutics, Regeneron Pharmaceuticals, and 200 
owns stock in Moonlight Therapeutics.; N. de Bortoli; G. W. Falk reports (i) grants and/or personal 201 
fees from Allakos, Shire/Takeda, ADARE/Ellodi, Regeneron, and Bristol Myers Squibb; R. M. 202 
Genta reports (i) consulting fees from Allakos, Adare/Ellodi, and RedHill Pharma; N. Gonsalves 203 
receives (i) consulting fees from Allakos, Astra-Zeneca, Nutricia, and Sanofi/Regeneron and 204 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 9 of 44 
Sanofi-Aventis, and  research grant from Novartis; K. S. Hsu Blatman (i) received research 206 
funding from Shire/Takeda; D. Johnston; A. F. Kagalwalla; H. M. Larsson reports (i) consulting 207 
fees from EsoCap Biotech AG; F. J. Moawad reports (i) personal fees from Takeda and Salix; A. 208 
V. A. Mukkada reports (i) grants and/or personal fees from Shire Pharmaceutical; K. Peterson 209 
reports (i) personal fees from Alladapt, Eli Lily, Medscape, Ellodi, Takeda, Allakos, AstraZeneca, 210 
Regeneron-Sanofi and research funding from Research support:Astra Zeneca, Ellodi, 211 
Regeneron-Sanofi, Allakos, Chobani, and owes (iii) stock from Nexeos; A. Ravelli; C. Schlag 212 
reports (i) consulting fees and/or speaker fees and/or research grants from Adare 213 
Pharmaceuticals, Inc., AstraZeneca, Calypso, EsoCap, Dr. Falk Pharma, GmbH, Regeneron 214 
Pharmaceuticals, Inc.; P. Schreiner reports (i) consulting fees from Pfizer, Takeda and Janssen-215 
Cilag; T. J. M. Spergel reports (i) grants and/or personal fees from DBV Technologies, End Allergy 216 
Together, Food Allergy Research Education, Aimmune Therapeutics, UpToDate, Regeneron, and 217 
Shire; T. H. Taft reports (i) speaking fees from Abbvie, consulting fees from Healthline; T. 218 
Vanuytsel (i) has served as a speaker for Abbott, Dr. Falk Pharma, Fresenius Kabi, Kyowa Kirin 219 
and Menarini, Takeda and Will Pharma; has served as a consultant and advisory board member 220 
for Baxter, Dr. Falk Pharma, Takeda, Tramedico, Truvion, VectivBio and Zealand Pharma; and 221 
has received research funding from Danone and MyHealth; C. Venter (i) has provided and 222 
reviewed educational material for Danone, Reckitt Benckiser, Abbott Nutrition, DBV technologies, 223 
and Nestle Nutrition Institute and received research grants from the National Peanut Board and 224 
Reckitt Benckiser; M. C. Vieira reports (i) speaker's fees from Danone Nutricia, and Nestlé S.A; 225 
M. Vieth reports (i) speakers fees from Dr Falk Pharma, Shire and Menarini; B. Vlieg-Boerstra; U. 226 
von Arnim reports (i) consulting fees from ESOCAP, Abbvie, M SD, Takeda, Falk Pharma; J. B. 227 
Wechsler receives (i) consulting fees from Allakos and Regeneron; N. Zevit reports (i) speakers 228 
fees for Dr. Falk Pharma and as an advisory board member for Adare Pharmaceuticals; E. 229 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 10 of 44 
Corp., Novartis, AG, and Regeneron Pharmaceuticals Inc. The rest of the authors declare that 231 
they have no relevant conflicts of interest. 232 
Declaration of funding interests: 233 
Work supported by grants from the Swiss National Science Foundation (32003B_160115/1 to 234 
AMS and 185008 to ES) 235 
Writing assistance: None. 236 
Guarantor of the article: Ekaterina Safroneeva, PhD 237 
Authorship Statement: All authors have approved the final version of this manuscript. 238 
Correspondence address: 239 
Ekaterina Safroneeva, PhD 240 
Institute of Social and Preventive Medicine, University of Bern 241 
Mittelstrasse 43, Bern 3012, Switzerland 242 
Email: ekaterina.safroneeva@ispm.unibe.ch 243 
Tel: +41 78 868 5814 244 
Version: February 12th, 2021 /June 2nd, 2021 245 








The COREOS Collaborators  Development of a Core Outcome Set for EoE 
Page 11 of 44 
KEY MESSAGES 247 
 Developing a core outcome set (COS), a minimum set of outcomes to be reported in all 248 
controlled and observational studies in children and adults with EoE, is important for 249 
improving clinical trial design and evidence synthesis; 250 
 This international COS consensus exercise identified tools to be used to standardize 251 
disease activity assessment in EoE. 252 
CAPSULE SUMMARY 253 
This COS will be directly applicable to randomized controlled trials and observational studies of 254 
novel therapies currently in development for EoE, facilitate evidence synthesis, and allow for 255 
comparisons across different therapies. 256 
KEYWORDS 257 
Eosinophilic esophagitis; outcomes; clinical trials; endpoints; histology; histopathology; 258 
endoscopy; symptoms; patient reported outcomes; quality of life. 259 
ABBREVIATIONS 260 
COMET, Core Outcome Measures in Effectiveness Trials; COS, core outcome set ; COS-STAD, 261 
the Core Outcome Set-STAndards for Development; COS-START, the Core Outcome Set-262 
STAndards for Reporting; EoE, eosinophilic esophagitis; EEsAI, symptom-based Eosinophilic 263 
Esophagitis Activity Index; EoEHSS, EoE Histologic Scoring System; EoE-QoL-A, EoE Quality of 264 
Life for adults; EREFS, Endoscopic Reference Score; hpf, high-power field; PedsQL, Pediatric 265 
Quality of Life Inventory; PEESS, Pediatric EoE Symptom Score; RCT, randomized controlled 266 
trial. 267 
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ABSTRACT 269 
Background: Endpoints used to determine treatment efficacy in eosinophilic esophagitis (EoE) 270 
have evolved over time. With multiple novel therapies in development for EoE, harmonization of 271 
outcomes measures will facilitate evidence synthesis and appraisal when comparing different 272 
treatments. 273 
Objective: To develop a core outcome set (COS) for controlled and observational studies of 274 
pharmacologic and diet interventions in adult and pediatric patients with EoE. 275 
Methods: Candidate outcomes were generated from systematic literature reviews and patient 276 
engagement interviews and surveys. Consensus was established using an iterative Delphi 277 
process, with items voted on using a 9-point Likert scale and with feedback from other participants 278 
to allow score refinement. Consensus meetings were held to ratify the outcome domains of 279 
importance and the core outcome measures. Stakeholders were recruited internationally and 280 
included adult and pediatric gastroenterologists, allergists, dieticians, pathologists, psychologists, 281 
researchers, and methodologists.  282 
Results:  The COS consists of four outcome domains for controlled and observational studies: 283 
histopathology, endoscopy, patient-reported symptoms, and EoE-specific quality of life (QoL). A 284 
total of 69 stakeholders (response rate 95.8%) prioritized 42 outcomes in a two-round Delphi 285 
process and the final ratification meeting generated consensus on 33 outcome measures. These 286 
included measurement of the peak eosinophil count, EoE Histology Scoring System, EoE 287 
Endoscopic Reference Score, and patient-reported measures of dysphagia and QoL. 288 
Conclusions: This interdisciplinary collaboration involving global stakeholders has produced a 289 
COS that can be applied to adult and pediatric studies of pharmacologic and diet therapies for 290 
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INTRODUCTION 294 
Eosinophilic esophagitis (EoE) is a chronic, immune-mediated disease, characterized 295 
histologically by esophageal eosinophil-predominant inflammation and clinically by symptoms of 296 
esophageal dysfunction.1 Since its initial description in the early 1990s, there has been a 297 
significant increase in the incidence of EoE, and prevalence rates from population-based studies 298 
estimate that approximately 50-100 per 100,000 persons are affected.2 The diagnosis of EoE is 299 
based on both symptoms consistent with esophageal dysfunction, particularly dysphagia in 300 
adolescents and adults, as well as the presence of histologic inflammation, defined as a peak 301 
eosinophil count (PEC) ≥15 eosinophils per high power field (HPF), with exclusion of other causes 302 
of esophageal eosinophilia.3 Untreated EoE can progress to the development of fibrostenotic 303 
complications such as strictures and endoscopically impassable rings, which are associated with 304 
progressive symptoms, food impaction, and poor quality of life.4-6  305 
 306 
Consensus treatment recommendations for EoE have historically included: 1) elimination diets 307 
that restrict exposure to potential food allergens; 2) endoscopic dilation for fibrostenotic 308 
complications; 3) proton pump inhibitors; and 4) swallowed topical corticosteroids that reduce 309 
eosinophilic inflammation.7, 8 However, these approaches have inherent limitations. Patients must 310 
adhere to substantial lifestyle changes for dietary strategies to be effective, dilation carries 311 
procedural risks and does not address the underlying inflammatory pathophysiology, and proton 312 
pump inhibitors are not effective in all EoE patients. A lack of approved esophageal-specific 313 
formulations in many jurisdictions, potential treatment-related side effects, and short duration of 314 
efficacy limit the potential of using swallowed topical corticosteroids long-term for managing a 315 
chronic disease that almost universally recurs after treatment cessation.9-11 Accordingly, there has 316 
been tremendous interest in developing EoE-specific pharmacotherapies,12 with over 50 active or 317 
enrolling interventional studies for the treatment of EoE registered on Clinicaltrials.gov. 318 
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targeting the IL-4 receptor alpha, budesonide orodispersible tablets as both induction and 320 
maintenance therapy, and budesonide oral suspension, have inspired even greater enthusiasm 321 
for drug development in this field.13-16 322 
 323 
Despite these breakthroughs, a major limitation to efficient drug development in EoE has been 324 
the lack of standardized outcome measures for use in both registrational trials that can support 325 
labelling claims and in observational studies that can answer practice-based questions.17 326 
Although validated, reliable, and responsive instruments of EoE disease activity exist,18-27 327 
agreement on the most appropriate endpoints for use in clinical studies has not been reached, 328 
and significant heterogeneity exists in the outcome measures that are reported.28 Given the lack 329 
of consensus and the increasing scrutiny on outcome measures in clinical trials of EoE, 330 
developing a core outcome set (COS) is a research priority. A COS is a consensus-derived 331 
minimum set of outcomes that should be measured and reported in all trials in a given therapeutic 332 
area.29 COS development focuses on identifying relevant and appropriate endpoints through an 333 
iterative, data-driven process involving all major stakeholders, including researchers, clinicians, 334 
and patients. Advantages of adopting a COS include improving the efficiency of clinical studies 335 
by ensuring appropriate endpoints are measured, minimizing heterogeneity in outcome reporting, 336 
reducing risk of publication bias, improving the quality of evidence synthesis, and facilitating fair 337 
comparisons across different therapies. 338 
 339 
Therefore, in collaboration with the Consortium of Eosinophilic Gastrointestinal Disease 340 
Researchers (CEGIR), the European Eosinophilic Esophagitis Research Network (EUREOS), 341 
and with individuals recruited from the Eosinophil Gastrointestinal Disorders (EGID) Committee 342 
of The American Academy of Allergy, Asthma, and Immunology (AAAAI), we aimed to develop 343 
an international consensus COS for use in studies of pharmacologic and dietary interventions for 344 
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 METHODS 347 
Scope and protocol registration 348 
The COREOS initiative is registered with Core Outcome Measures in Effectiveness Trials (COMET) 349 
(www.comet-initiative.org) and was conducted in accordance with the guidelines outlined in the 350 
COMET handbook and the standards established by the Core Outcome Set-STAndards for 351 
Development (COS-STAD).29, 30 This manuscript was drafted based on the Core Outcome Set-352 
STAndards for Reporting (COS-STAR) Statement.31 The patient study was approved by the ethics 353 
committee at the University of Lausanne (CER-VD 148/15). 354 
 355 
The scope of this COS is to include all pharmacologic and dietary therapies, in both controlled 356 
trials and observational studies, for pediatric and adult patients with EoE. Although endoscopic 357 
dilation is an important component of management for patients with EoE, the measurement of 358 
treatment success post-dilation, including procedural and technical success, is fundamentally 359 
different from evaluating therapeutic efficacy of pharmacologic or dietary strategies. We evaluated 360 
outcomes for observational studies separately from those in controlled trials, which are typically 361 
conducted in different settings, using different methods, and with different levels of study funding 362 
and logistical support. These factors are relevant for the feasibility of measuring certain outcomes. 363 
 364 
Overview of COS Development 365 
The COS was developed using a multiphase approach summarized in Figure 1. First, systematic 366 
reviews of the literature and patient engagement surveys were conducted to identify candidate 367 
outcomes that have either been previously measured and/or are important to patients with EoE. 368 
Next, we used this information to build a framework of different outcome domains. Working groups 369 
for each domain were assembled to review the literature for relevant endpoints, and a Delphi 370 
survey was conducted to categorize these domains into core, important, and research agenda 371 
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outcome domains were carried forward into the next phase. In phase 3, a comprehensive list of 373 
outcome measures within each of the core domains was evaluated by a panel of multidisciplinary 374 
experts in a two-round Delphi survey to establish consensus. Finally, a virtual ratification meeting 375 
was held to vote on the final outcomes included in the COS. 376 
 377 
Participants 378 
We gathered input from a diverse range of adult and pediatric patients with EoE to determine their 379 
values and opinions on the importance of different outcomes.33 Patients (and caregivers of 380 
pediatric patients) were recruited using purposive sampling from multiple clinics to capture a 381 
range of disease duration, disease activity (including both symptomatic and asymptomatic 382 
patients), disease experiences, and treatment experiences (including patients who had previously 383 
been exposed to proton pump inhibitors, swallowed topical corticosteroids, dilation, and dietary 384 
exclusion). We focused on engaging patients early in phase 1 of this COS development to 385 
determine the appropriate outcome domains for measurement. 386 
 387 
In phase 2 and phase 3, we targeted a minimum sample size of 50 respondents for each Delphi 388 
survey. A diverse participant pool was identified and invited by the lead and senior investigator, 389 
and included gastroenterologists, pathologists, allergists, researchers, dieticians, psychologists, 390 
and methodologists. Selected participants reflected a broad range of clinical knowledge and 391 
geographical experience. Panelists were required to have expertise in EoE, demonstrated by 392 
peer-reviewed publications or clinical experience in managing adult or pediatric EoE patients. 393 
 394 
Phase 1: Outcome Identification 395 
Three systematic reviews were conducted to ensure that we comprehensively evaluated the 396 
literature with respect to the scope of this COS: 1) a systematic review to assess the operating 397 
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measures used in RCTs in EoE28; and 3) a systematic review to assess the outcome measures 399 
used in observational studies in EoE (including studies of topical corticosteroids, dietary 400 
measures, and endoscopic dilation). In addition, a systematic review to assess the outcome 401 
measures used in pediatric RCTs was previously published by Rubin et al.35 Although dilation 402 
was outside the scope of this COS, we specifically searched for outcomes used in studies of 403 
endoscopic dilation to ensure that potentially relevant endpoints were not missed. In summary, 404 
searches were conducted in MEDLINE, Embase, the CENTRAL Cochrane Library, 405 
ClinicalTrials.gov, and/or the EU Clinical Trials Register to identify relevant studies. Evaluative 406 
indices and outcomes used to measure treatment efficacy were identified.  407 
 408 
Swiss patients with EoE were engaged to identify their perspective on relevant outcomes for 409 
measurement. Patient participation consisted of semi-structured interviews and paper-based 410 
surveys, aimed at assessing the relative importance of different treatment goals and outcome 411 
measures in EoE. Semi-structured interviews were conducted with EoE patients and used to 412 
create a patient survey list of short- and long-term outcomes of importance for therapeutic 413 
efficacy. The survey was then distributed to patients with EoE to determine the ranked importance 414 
of different outcomes in the following domains: symptoms, quality of life, endoscopy, and 415 
histology. 416 
 417 
Phase 2: Outcome Domains 418 
The information identified from the systematic reviews and patient engagement surveys was used 419 
to construct a framework of 11 outcome domains. A Delphi survey was distributed to all experts 420 
to identify which domains were of importance to include in the COS. Each domain was ranked on 421 
a 9-point Likert scale, based on the Grading of Recommendations Assessment, Development, 422 
and Evaluation (GRADE) working group definitions.36 Scores of 1-3 indicate an outcome domain 423 
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was considered important but not critical for inclusion, and scores of 7-9 indicate an outcome 425 
domain felt critical for inclusion in the COS. An option to select “unsure of significance or unable 426 
to score” was also available. A priori, outcome domains scored in the 7-9 range by ≥70% of 427 
panelists and in the 1-3 range by <15% of panelists were carried forward to phase 3 as core 428 
domains. Working groups consisting of experts in each domain were organized and met by 429 
teleconference to review the relevant endpoints. These outcome domains were discussed in a 430 
moderated, in-person meeting that occurred at Digestive Disease Week 2019 (San Diego, United 431 
States). Outcomes that did not meet the threshold for core domains were reviewed and those with 432 
limited available evidence on their use in EoE were assigned as research agenda domains. 433 
 434 
Phase 3: Core Outcome Set Voting 435 
A comprehensive list of outcomes identified within each core domain, as well as measurement 436 
tools and definitions, were included in an online two-round Delphi survey. Participants were asked 437 
to rank each outcome on a 9-point Likert scale as described above, with a specific focus on 438 
ranking the most important outcomes for inclusion. Free text entry was available so participants 439 
could provide clarification, suggest wording changes, recommend additional endpoints, or provide 440 
compelling rationale and arguments for inclusion or exclusion of certain items. Each round was 441 
open for 8 weeks to ensure all participants had adequate time to complete the survey.  442 
 443 
Responses from the first round were analyzed and collated into a feedback report. Descriptive 444 
statistics were used to summarize the number of participants scoring each outcome and the 445 
distribution of scores. All open-ended responses were reviewed by the lead and senior 446 
investigators to evaluate substantial arguments and additional suggestions. Responses from 447 
Round 1 were used to determine the outcomes carried forward to Round 2 based on rules 448 
established a priori. Outcomes scored in the 7-9 range by ≥50% of the panelists and 1-3 range 449 
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COS exercises and were aimed at mitigating the risk of panelist fatigue.29 All panelists who 451 
completed the Round 1 survey were invited to participate in Round 2 and received an 452 
individualized feedback report summarizing both their initial voting results and the results from 453 
the group. Panelists were then asked to rescore each outcome on the same 9-point Likert scale, 454 
with consideration based on insights from the group. Outcomes scored in the 7-9 range by ≥70% 455 
of the panelists and in the 1-3 range by <15% of the panelists were decided to have met 456 
consensus for inclusion. Outcomes scored in the 1-3 range by ≥70% of the panelists and in the 457 
7-9 range by <15% of the panelists were defined to have met consensus for exclusion. 458 
 459 
We recognize that it is implausible for any single panelist to be completely familiar with every 460 
scoring system/grading tool evaluated in this consensus: this was mitigated by: 1) choosing a 461 
multidisciplinary panel; 2) panelists were instructed not to answer questions with which they were 462 
unfamiliar; and 3) consensus definitions are based on the proportion of respondents. Analysis of 463 
missing data suggests that specialists performing endoscopy drove decisions for endoscopic 464 
findings, specialists following adult patients drove decisions for symptoms and QoL outcomes in 465 
adults, and specialists following pediatric patients drove decisions for symptoms and QoL 466 
outcomes in pediatric populations. 467 
 468 
Phase 4: Final COS Ratification and Consensus Definitions 469 
A moderated teleconference to ratify the final COS was conducted December 8, 2020. Although 470 
this was initially planned as a face-to-face meeting with all stakeholder groups to discuss all items 471 
from the Round 2 survey, this was amended to a virtual meeting due to COVID-19 public health 472 
restrictions. We elected to discuss only those items that had a reasonable likelihood of being 473 
included in the COS: assuming a binomial distribution, outcomes for which the upper 95% 474 
confidence interval of the proportion of panelists voting in the 7-9 category exceeded 70% were 475 
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panelist voting in the Delphi surveys to participate in the ratification teleconference given the 477 
international participation; however, as per the COMET recommendations, representatives from 478 
every discipline were present and the ratification panel was similar in composition to the Delphi 479 
panelists. Panelists were shown the results from Round 2 voting and the criteria for inclusion were 480 
reviewed. All items, including those with consensus, were discussed to ensure that any 481 
compelling arguments for or against inclusion were heard and reviewed. After discussion, 482 
panelists voted on items anonymously. In this ratification round, voting was simplified to “Include 483 
in the COS”, “Do not include in the COS”, or “Unsure”. Items receiving ≥70% of votes in the 484 
“Include in the COS” category and <15% of votes in the “Do not include in the COS” category 485 
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RESULTS 488 
Participants 489 
A total of 36 adult patients with EoE participated in the semi-structured interviews, and paper-490 
based surveys were completed by 109/148 (73.6%) patients.33 The mean age was 50.2 years (± 491 
standard deviation SD 14.5 years) with a mean disease duration of 7.7 years (± SD 4.7 years). 492 
Seventy-eight percent of patients (85/109) were male and approximately one third (33.9%, 493 
37/109) had previously experienced a food bolus impaction. A total of 30.3% (33/109) of patients 494 
were on proton pump inhibitors, 62.4% (68/109) were on swallowed topical corticosteroids, and 495 
11.0% (12/109) were on elimination diets. Pediatric patients and their caregivers were separately 496 
surveyed: 30 patients >11 years and 15 patients <11 years were included. Among pediatric 497 
patients, 80.0% (36/45) had associated atopic conditions, 71.4% (25/35) were treated with 498 
swallowed topical corticosteroids and 25.7% (9/35) were on an elimination diet. 499 
 500 
Demographic characteristics of the expert panelists in each of the Delphi rounds are summarized 501 
in Table 1. Members of CEGIR, EUREOS, and individuals recruited from the EGID committee of 502 
AAAAI were invited to participate in COREOS exercise. A total of 66, 69, and 62 experts 503 
participated in the Outcome Domains survey, Round 1 COS survey, and Round 2 COS survey, 504 
respectively. The response rates were 95.8% [69/72] and 89.9% [62/69] for Round 1 and 2 505 
surveys, respectively. Twenty-seven participants attended the Phase 4 ratification 506 
videoconference. Across all rounds, there were participants from multiple specialties and 16 507 
different countries. 508 
 509 
Phase 1: Outcome Identification Systematic Reviews and Patient Engagement 510 
Detailed results from the systematic reviews have been previously published; the major findings 511 
are summarized here. In the first review of disease activity indices and their operating properties, 512 
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QoL-A) questionnaire, EoE Histologic Scoring System (EoEHSS), EoE Endoscopic Reference 514 
Score (EREFS), symptom-based Eosinophilic Esophagitis Activity Index (EEsAI) patient-reported 515 
outcome (PRO) instrument, Dysphagia Symptoms Questionnaire (DSQ), Pediatric Eosinophilic 516 
Esophagitis Symptom Scores (PEESS v2.0), and Pediatric Quality of Life Inventory EoE were 517 
identified as indices that were either reliable, responsive, or valid measures of disease activity.34 518 
In a second review of outcome measures used in RCTs, 22 placebo-controlled trials including 519 
1,112 patients with EoE were evaluated, with substantial heterogeneity in the definitions of 520 
histologic, endoscopic, and PRO-based response and remission.28 The use of histologic 521 
endpoints was associated with the lowest rate of placebo response. 522 
 523 
A third review of outcome measures used in observational studies (including cohort, case series, 524 
randomized open-label trials, and case-control studies) was conducted. A total of 59 studies 525 
including 3,248 adult EoE patients were included. Histologic, endoscopic, and patient-reported 526 
symptom-based endpoints were the most frequently reported, although no consistent definitions 527 
of response or remission were identified. Esophageal eosinophil density was the most frequently 528 
reported outcome, with varying thresholds for response/remission ranging from 5 to 15 eos/hpf. 529 
Endoscopic outcomes were assessed in 43 studies (76.7%) although a formal scoring system 530 
such as the EREFS was not routinely used. Similarly, there was substantial heterogeneity in 531 
instruments used for measuring symptom-based responses. In addition to the EEsAI and DSQ, 532 
other tools that have been used included the Mayo Dysphagia Questionnaire, Dysphagia 533 
Frequency Scale, Watson Dysphagia Score, Straumann Dysphagia Index, and multiple, non-534 
validated ad-hoc scores based on different combinations of the frequency, intensity, and/or 535 
duration of dysphagia, food bolus impaction, abdominal or chest/retrosternal pain, heartburn, 536 
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In the patient engagement surveys, patients considered improvement in EoE-related symptoms 539 
and QoL as the most important endpoints: over 90% of patients chose improvement in symptoms 540 
and disease-specific QoL as highly important outcomes both in the short- and long-term. 541 
Reduction in endoscopic and histologic inflammation were also considered important outcomes, 542 
although more so in the long-term rather than the short-term (89.9% vs. 72.9% for endoscopic 543 
and 81.3% vs. 61.7% for histologic outcomes, respectively).33 Among pediatric patients, over 90% 544 
of both caregivers and patients ranked symptom and QoL improvement as important short- and 545 
long-term therapeutic goals, and over 80% attributed importance to achieving short- and long-546 
term histologic endpoints. 547 
 548 
Phase 2: Outcome Domains 549 
Using the information from phase 1, we created a framework of three major categories of outcome 550 
domains: 1) clinician-reported domains (including histopathology, endoscopy, esophageal 551 
distensibility, immunologic dissection, genetic profiling, and biomarkers); 2) patient-reported 552 
domains (including patient-reported symptoms, patient-reported quality of life, and patient 553 
perception of health), and 3) other domains (including secondary impact on caregivers and 554 
resource utilization). The importance of each domain for inclusion in a COS was reviewed in 555 
working groups and then in a face-to-face meeting. A Delphi survey was then distributed to expert 556 
panelists and four outcome domains were voted as critical for inclusion (Table 2 and Figure 2): 557 
patient-reported symptoms, EoE-specific QoL, histopathology, and endoscopy. The other 558 
domains were considered either important but optional at this time, or domains for the research 559 
agenda that require additional investigation.  560 
Phase 3: Core Outcome Set Voting 561 
A total of 122 items across the four core outcome domains were included in the Round 1 Delphi 562 
survey, which was completed by 69 panelists. Results from Round 1 survey are summarized in 563 
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histopathology, 28 items for endoscopy, 24 items for patient-reported symptoms, and 12 items for 565 
EoE-specific QoL) and stratified by study type (randomized controlled trials vs. observational 566 
studies) and patient population (adult vs. pediatric). All free-text responses were reviewed and 567 
incorporated into the second round of voting. A total of 59 outcomes (18 for histology, 12 for 568 
endoscopy, 19 for patient-reported symptoms, and 10 for EoE-specific QoL) were included in the 569 
Round 2 survey. Results from Round 2 survey are summarized in Supplemental Table 2. 570 
 571 
Phase 4: Ratification Meeting and Core Outcome Set 572 
A total of 42 items from the Round 2 survey were discussed and voted on in the ratification 573 
meeting and two additional items were introduced after panel discussion. After voting, 33 items 574 
were included in the final COS, summarized in Table 3. 575 
COS: Histopathology Outcomes 576 
With respect to histopathology outcomes, there was consensus that the PEC should be reported 577 
in all RCTs and observational studies, expressed either as eosinophils (eos)/hpf (including exact 578 
area used and the hpf size reported in mm2) or as eos per mm2, viewed at 400 × magnification. 579 
Several panelists identified that both measures should be reported, as eos/hpf has been 580 
historically used in the literature whereas eosinophils per mm2 adjusts for potential differences in 581 
microscope ocular field size. There was consensus that histologic remission should be reported 582 
in all studies. However, the precise threshold for histologic remission was debated. There was 583 
consensus that the proportion of patients with < 15 eos/hpf in all esophageal locations should be 584 
reported in both RCTs and observational studies; there was no consensus on using a more 585 
stringent threshold of ≤ 6 eos/hpf, even for RCTs. In RCTs, the EoEHSS should be used, and 586 
both the grade and stage of each component item reported. 587 
 588 
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The panel voted that the EREFS should be used in both RCTs and observational studies to 590 
standardize endoscopic assessment of EoE disease activity, scoring the most severe grade of 591 
EoE-associated features. Additionally, both inflammatory and fibrotic components of the EREFS 592 
should be reported. In the Round 1 survey, different versions of the EREFS were explored: 1) 593 
scoring from 0-9 as originally proposed; 2) scoring from 0-8 (with furrows scored as 594 
absent/present); 3) vs. scoring from 0-16 (i.e., a 0-8 score summed for two different esophageal 595 
locations); and 4) 0-18 using alternative weighting of the different components. Following the a 596 
priori defined rules for moving items to the next round, only the EREFS scored from 0-8 was 597 
carried forwards to Round 2, because of a higher proportion of panelists voting to not include 598 
other versions of the EREFS. However, there was extensive discussion that scoring from 0-8 may 599 
result in a narrower dynamic range of the EREFS score and decrease responsiveness measured 600 
by endoscopy. Additionally, if scoring is performed on a 0-9 scale, post-hoc analysis collapsing 601 
the categories for moderate-to-severe furrows can generate an EREFS score on a 0-8 scale, but 602 
not vice versa. In an ad hoc vote, 14/21 (66.7%) panelists favored using the EREFS from 0-9 603 
whereas 7/21 (33.3%) panelists favored using the EREFS from 0-8. Given that this voting was 604 
held outside the defined methods of COS development, reporting the original EREFS is optional, 605 
if the individual components are provided, so that readers can collapse the furrows grading to 606 
generate a comparable score on the 0-8 scale. For both RCTs and observational studies, there 607 
was consensus that endoscopic remission should be defined based on the EREFS using a cutoff 608 
of ≤ 2. It is worth keeping in mind that whilst the endoscopic EREFS-based remission definition 609 
as an EREFS score ≤ 2 was derived based on EREFS scoring from 0 to 8 and from 0 to 9, the 610 
endoscopic inflammatory EREFS-based remission defined as the inflammation-associated 611 
components (exudate, edema, furrows) score ≤ 2 is based on EREFS scoring from 0 to 8. 612 
 613 
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There was consensus that validated instruments for patient-reported symptoms, including the 615 
DSQ and the EEsAI, should be assessed in EoE RCTs. However, there was discussion that the 616 
initial rounds of the Delphi surveys were completed prior to guidance released from the United 617 
States Food and Drug Administration (FDA), which highlight the use of clinical outcome 618 
assessment instruments that use daily assessments. The EEsAI was developed and has 619 
previously been used in RCTs with a 7-day recall period as secondary endpoint, and this outcome 620 
was voted to be included in the COS, recognizing that there was preference from the US FDA for 621 
use of an instrument with a 24-hour recall period. The 24-hour EEsAI was added as an item for 622 
voting due to the discussion but did not meet the criteria for consensus (Supplemental Table 3). 623 
There was also consensus that the language used to query dysphagia in adults with EoE include 624 
trouble swallowing and delayed/slow passage of food. While “food being stuck” did meet the 625 
consensus thresholds in Round 2 of the Delphi voting, it did not reach consensus thresholds in 626 
the ratification round as experts identified that this should be more appropriately used for defining 627 
food bolus obstruction. No instruments for measuring symptom severity reached consensus for 628 
use in observational studies. 629 
 630 
Separate instruments were considered for pediatric patients. In pediatric trials, there was 631 
consensus that symptoms should be measured using the Pediatric Eosinophilic Esophagitis 632 
Symptom Score (PEESS v2.0) for RCTs, but not for observational studies. 633 
 634 
COS: Quality of Life 635 
There was consensus that QoL should be measured in EoE RCTs using the EoE-specific QoL 636 
questionnaire (EoE-QOL-A) for adults and the Pediatric Quality of Life Inventory (PedsQL) EoE 637 
Module for pediatrics. When using the PedsQL EoE Module, it was considered appropriate for 638 
both parent-proxy report and child self-report to be reported in RCTs. The panel discussed that it 639 
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domain. No instruments for use in all observational studies met the consensus threshold for 641 
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DISCUSSION 644 
In this multidisciplinary, international collaboration between multiple stakeholder groups, we 645 
developed a COS to standardize outcome reporting in therapeutic studies of pharmacologic and 646 
diet interventions in EoE. We identified four critical outcome domains (histopathology, endoscopy, 647 
patient-reported symptoms, and EoE-specific QoL) that are important to patients, clinicians, and 648 
researchers, and which reflect the clinicopathologic hallmarks of the disease. Through multiple 649 
group discussions and several rounds of voting, we identified measurement tools that should be 650 
used to standardize disease activity assessment, both in controlled and observational studies. 651 
We took into consideration the appropriateness and validity of different endpoints, feasibility of 652 
measurement, and relative importance of different outcomes to each stakeholder. The application 653 
of this COS should improve the quality of research in EoE and serve as an impetus for improving 654 
clinical care by encouraging clinicians to assess core outcomes of treatment success. 655 
 656 
This COS will be directly applicable to randomized controlled trials of novel therapies currently in 657 
development for EoE. However, the panel recognized that important elements of trial design, 658 
including outcome selection, will depend on who is conducting the trial (investigator- vs industry-659 
initiated) and the subsequent regulatory requirements for labeling claims. During the development 660 
of this COS, the US FDA released guidance for EoE clinical trials.37 Key takeaways included the 661 
selection of EoE-related symptoms and histology as co-primary endpoints, use of a clinical 662 
outcome assessment instrument based on daily recall, and defining histologic remission based 663 
on having ≤ 6 eos/hpf in all biopsies. The similarities but also differences between the FDA 664 
guidance with these independent recommendations reported herein are notable. Although the 665 
COS does not precisely map onto this regulatory guidance, our framework of measuring patient-666 
reported symptoms and histopathology as core domains is complementary, and also extends to 667 
observational studies. Moreover, we included EoE-specific QoL as an important domain of 668 
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for clinicians to directly visualize the esophageal mucosa, but also a prerequisite to obtaining 670 
biopsy samples. 671 
 672 
Given the importance of eosinophilic inflammation in defining EoE, it was not surprising that 673 
histopathology was almost universally agreed upon as a core domain. However, three areas of 674 
controversy garnered more discussion. First, the panel reviewed the reporting of peak eosinophil 675 
density based on eos/hpf vs. eos/mm2. Although using eos/mm2 was felt to be advantageous for 676 
standardizing density measurements across different microscopes and field sizes,38 most of the 677 
literature to date has expressed the PEC per hpf, and there was consensus that this should 678 
continue to be measured and reported to facilitate historical treatment comparisons and ensure 679 
interpretability. However, the panel felt it was feasible to report both measures and recognized 680 
that particularly for RCTs, standardization of field size analysis was crucial to achieve. Therefore, 681 
we advocate for a greater emphasis on reporting eos/mm2 (using remission definitions of PEC 682 
≤25 eos/mm2 and <60 eos/mm2, corresponding to PEC of ≤6 eos/hpf and <15 eos/hpf, 683 
respectively). 684 
 685 
Second, there was consensus that a PEC of <15 eos/hpf should be used as the threshold to 686 
define histologic remission, although this is discordant from the FDA recommendations. 687 
Historically, multiple cut-off points have been used to define EoE, ranging from 5-30 eos/hpf.39 688 
However, the data to support the use of these cutoffs are scarce. Recently, Reed et al. compared 689 
different histologic cut-points for treatment response: whereas a threshold of <15 eos/hpf was 690 
attainable in most patients and identified patients with endoscopic improvement, a lower cut-off 691 
of <5 eos/hpf best predicted combined symptomatic and endoscopic response.40 At present, the 692 
patients in clinical practice reaching histologic remission defined by <15 eos/hpf do not typically 693 
undergo therapeutic escalation to reach the target of ≤6 eos/hpf. However, a formal prospective 694 
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question of whether remission should be targeted at either <6 eos/hpf or <15 eos/hpf, and whether 696 
maintenance of these treatment targets results in better outcomes for patients, including less 697 
strictures and impactions. Multiple guidelines since 2007 have now established ≥15 eos/hpf as 698 
the cutoff for diagnostic purposes, and the panel voted that the proportion of patients achieving a 699 
PEC lower than this threshold should continue to be reported.3, 41, 42 Finally, the panel identified 700 
that a threshold of ≤ 6 eos/hpf may be too rigorous to achieve and may not necessarily be 701 
appropriate for potential future drug targets with mechanisms of action that do not directly inhibit 702 
eosinophils (e.g. anti-fibrotic therapies). Nevertheless, we anticipate that in future trials designed 703 
for regulatory approval of medications, the proportion of patients with post-treatment PEC <15 704 
eos/hpf and ≤6 eos/hpf will both be reported.  705 
 706 
Finally, there was a discussion regarding the use of the EoEHSS as a measure of histologic 707 
disease activity. The EoEHSS has been previously demonstrated to be valid, reliable, responsive, 708 
applicable in adult and pediatric populations, correlates with other measures of disease activity 709 
including patient symptoms, and measures histologic items that are prevalent in patients with EoE 710 
beyond the PEC alone.21, 22, 24, 43-46 For these reasons, panelists felt strongly that the EoEHSS 711 
should be routinely evaluated in RCTs. However, panelists did not include the EoEHSS as a core 712 
outcome in observational studies due to concerns about the time required for interpretation, the 713 
complexity of the score, and lack of an atlas to help pathologists not specialized in EoE to score 714 
some of the features. 715 
 716 
There was consensus that endoscopic endpoints should be reported in all EoE studies, and that 717 
the EREFS should be used to standardize endoscopic evaluation. The EREFS score has been 718 
shown to accurately identify disease activity in both adult and pediatric populations47, can be 719 
reliably scored by experts and quickly learned by non-experts18, 48, and is responsive to 720 
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9 or 0-8 scale (depending on the grading of linear furrows), recognizing that scoring on a broader 722 
range may improve the sensitivity of the instrument for detecting change post-treatment and can 723 
be converted to a 0-8 scale post-hoc if required. Although two-thirds of the ratification panel was 724 
in favor of reporting the EREFS using a 0-9 scale, the consensus on the 0-8 scale was included 725 
in the COS for methodologic consistency. Functionally, reporting individual component subscores 726 
of the EREFS and grading furrows on a 3-point rather than binary scale nullifies this dilemma, 727 
and is also required to discern endoscopic inflammatory vs. fibrostenotic disease activity. 728 
 729 
Although both the DSQ and symptom-based EEsAI PRO (7-day recall period) instruments were 730 
recommended for use in RCTs of adults with EoE, there were concerns that US regulatory 731 
authorities have specifically recommended the use of an instrument with a 24-hour recall period. 732 
The DSQ was the only 24-hour recall instrument selected out of a myriad of options and is the 733 
first such instrument to be validated for use in RCTs, allowing assessment of endpoints such as 734 
dysphagia-free days.14, 23, 37, 50, 51 Other instruments, including both conceptually similar and 735 
dissimilar tools, such as the Dysphagia Symptom Diary and Numeric Rating Scales for Dysphagia 736 
and Pain, respectively, have been used in other drug development programs, as historically 737 
licensing DSQ to all interested parties has not been possible.14, 50 The use of different instruments 738 
in different clinical trials poses challenges for evidence synthesis and impedes cross-comparison 739 
between studies. Therefore, even though instruments such as EEsAI PRO do not use a 24-hour 740 
recall, they may continue to be used as secondary endpoints to allow for comparisons with 741 
existing data or when implementation of a daily electronic diary poses challenges for investigator-742 
initiated studies. No specific instruments reached consensus for use in observational studies. This 743 
likely reflects the different logistical challenges and heterogeneity in observational trials, wherein 744 
daily or extensive assessments may not be feasible, and many of the instruments proposed 745 
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 747 
The development of a generic daily recall instrument was identified as a priority, as existing tools 748 
such as DSQ and episode-based instruments may be difficult or expensive to implement outside 749 
of industry-sponsored RCTs. Whether such instruments should use broad language to describe 750 
dysphagia is another relevant consideration and was a subject of much debate. Currently, most 751 
available instruments do not assess all possible symptoms relevant for adults with EoE and do 752 
not include the most common language used by patients to describe dysphagia (food being stuck, 753 
delayed passage of food, tightness, and trouble swallowing based on qualitative work).19, 51 “Food 754 
being stuck” narrowly missed the consensus criteria during ratification round because there were 755 
concerns raised that this more accurately reflected food bolus impaction rather than dysphagia, 756 
although no clear distinction between language used to describe short- and long-lasting episodes 757 
of dysphagia has been noted in qualitative work. Lastly, data on cross comparisons of instruments 758 
are scarce, and it is not clear whether assessing symptoms more broadly by including all possible 759 
dysphagia language as well as all symptom domains relevant to patients might explain to a greater 760 
extent the variation in severity of biologic findings when compared to assessing dysphagia 761 
frequency alone.52, 53 762 
 763 
The Pediatric Eosinophilic Esophagitis Symptom Score (PEESS v2.0) is the only currently 764 
available instrument for assessing symptoms in pediatric patients with EoE. This tool was studied 765 
and validated in pediatric patients ages 8 and older, as well as by parent-proxy in patients ages 766 
2 and older. Although there are data to convincingly demonstrate the alignment between patient-767 
reported and proxy-reported symptom severity, there is not enough data to understand the 768 
performance of this instrument in the context of treatment response, especially given that: 1) there 769 
is a 30-day recall period for this instrument; 2) age influences symptom presentation in children, 770 
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Health-related QoL is frequently assessed in children with EoE using the PedsQoL. Health-related 772 
QoL scores are associated with EoE symptom scores and improve following treatment.56, 57 While 773 
assessment of general health-related QoL allows for comparisons across other diseases, there 774 
was debate about the utility of assessing general health-related QoL in pediatric patients rather 775 
than disease-specific QoL leading to the exclusion of this measure from the COS.  776 
 777 
Our study has several strengths. We used rigorous methods to develop this COS; each method 778 
had unique strengths. For example, anonymous online Delphi surveys allowed us to capture a 779 
large panel of international experts, whereas in-person live discussions highlighted more nuanced 780 
arguments for or against specific outcomes. However, we also acknowledge some important 781 
limitations. First, there are some outcomes included in the COS that appear to be inconsistent 782 
(e.g. reporting both eos/hpf and eos/mm2, reporting PEC<15 eos/hpf vs. ≤6 eos/hpf). This typically 783 
reflects insufficient empirical evidence to guide decision making, and in these scenarios, we have 784 
recommended both measures be reported. Nevertheless, we realize this recommendation does 785 
not remove an ambiguity with respect to reporting of trial results especially with regards to 786 
measures of spread, which are not easily converted between units. Collecting this data will 787 
facilitate comparative analyses that can inform future iterations of the COS. Second, we restricted 788 
the COS to measures of treatment efficacy or effectiveness, rather than safety outcomes. Given 789 
the diverse drug targets under investigation, which have different safety profiles from conventional 790 
corticosteroids and dietary therapies, it was felt that proscribing adverse event reporting was 791 
outside the scope of this COS. Third, we engaged patients for deciding the outcome domains of 792 
importance. However, patients were recruited from a single country and there was limited 793 
racial/ethnic diversity. Nevertheless, almost all patients included in this study identified similar 794 
outcome domains of importance, which made it unlikely that these would be dropped from later 795 
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sought because these decisions were primarily based on technical factors. For example, while 797 
we felt it was critical to assess patient perceptions of endoscopic evaluation as an outcome, the 798 
specific considerations regarding whether the EREFS should be scored on a 0-8 vs. 0-9 scale 799 
were less relevant for patients. Fourth, some domains, such as patients’ perception of health or 800 
secondary impact on caregivers, were likely voted as subjects of future research by the experts, 801 
because of limited data currently available in these areas. Fifth, we recognize that we included 802 
authors who have been pivotal in developing instruments that are advocated for in this COS. 803 
However, we felt it was important to capture the expertise of the global EoE community. Finally, 804 
we did not engage industry stakeholders as this was an academic exercise, and did not engage 805 
regulators as they generally precluded from these types of initiatives due to potential conflicts of 806 
interest. 807 
 808 
In conclusion, we have developed an internationally guided COS for use in pharmacologic and 809 
dietary therapeutic trials in pediatric and adult patients with EoE. Groups assessing EoE therapies 810 
should be encouraged to adopt this COS to reduce the heterogeneity in outcome reporting and 811 
improve comparability to future studies. We recognize that the endpoints used in EoE trials have 812 
evolved rapidly over the past two decades. While this is the first iteration of a COS in EoE, we 813 
anticipate that ongoing work in the development and validation of new instruments for measuring 814 
disease activity will shape both future versions of this COS and the field moving forwards. 815 
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TABLES 1002 






































Patient Population, n (%) 
Adult only (≥18 years) 
Both adult and pediatric 
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Table 2. Voting distribution on a 9-point Likert scale for the importance of different outcome 1006 











Histology 0 (0%) 2 (3.0%) 65 (97.0%) 
Endoscopy 1 (1.5%) 3 (4.6%) 61 (93.8%) 
Patient-reported symptoms 0 (0%) 6 (9.1%) 60 (90.9%) 
EoE-specific quality of life 1 (1.6%) 15 (23.4%) 48 (75.0%) 
Biomarkers 6 (9.2%) 30 (46.2%) 29 (44.6%) 
Esophageal distensibility  3 (4.9%) 33 (54.1%) 25 (41.0%) 
Genetic profiling 19 (29.7%) 28 (43.8%) 17 (26.6%) 
Immunologic dissection 14 (21.2%) 37 (56.1%) 15 (22.7%) 
Patient perception of health 1 (1.6%) 34 (53.1%) 29 (45.3%) 
Secondary impact on caregivers 10 (15.6%) 39 (60.9%) 15 (23.4%) 
Resource utilization 14 (23.7%) 33 (55.9%) 12 (20.3%) 
 1008 
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Table 3. Core outcome set for eosinophilic esophagitis. 1010 
Outcome Domain Randomized Controlled Trials Observational Studies 
Histopathology 
 Peak esophageal eosinophilia (and 
appropriate measures of spread, such 
as error terms or confidence intervals) 
should be measured and reported in all 
RCTs, expressed as: 
 Number of eosinophils per high-
power field (400 × magnification) 
 Number of cells adjusted per mm2 
(400 × magnification) 
 
 Histologic remission should be 
measured in all RCTs 
 In RCTs, histologic remission should 
be defined based on a peak 
eosinophil count of < 15 esophageal 
eosinophils per high-power field in 
any location a 
 
 The grade (severity) and stage (extent) 
of all components in the EoE Histologic 
Scoring System (EoEHSS) should be 
measured and reported in all RCTs 
 The EoEHSS remission score 
should be measured and reported in 
all RCTs: for each item, proximal 
and distal esophagus: remission 
score of ≤ 3 for grade AND ≤ 3 for 
stage AND peak eosinophil count of 
< 15 eos/hpf 
 Peak esophageal eosinophilia (and 
appropriate measures of spread, such 
as error terms or confidence intervals) 
should be measured and reported in all 
observational studies, expressed as: 
 Number of eosinophils per high-
power field (400 × magnification) 
 Number of cells adjusted per mm2 
(400 × magnification) 
 
 Histologic remission should be 
measured in all observational studies 
 In observational studies, histologic 
remission should be defined based 
on a peak eosinophil count of < 15 
esophageal eosinophils per high-
power field in any location 
Endoscopy 
 The Endoscopic Reference Score 
(EREFS) should be measured and 
reported in all RCTs 
 The EREFS should be scored from 
0 to 8, scoring the most severe 
grade of esophageal EoE-
associated features present in the 
proximal and distal esophagus (with 
furrows scored as absent or 
present) b 
 The Endoscopic Reference Score 
(EREFS) should be measured and 
reported in all observational studies 
 The EREFS should be scored from 
0 to 8, scoring the most severe 
grade of esophageal EoE-
associated features present in the 
proximal and distal esophagus (with 
furrows scored as absent or 
present) * 
 
 Endoscopic remission based on EREFS should be measured and reported in all RCTs 
and observational studies  
 In RCTs or observational studies, the endoscopic EREFS-based remission should 
be defined as an EREFS score ≤ 2 (based on EREFS scoring from 0 to 8b 
 In RCTs or observational studies, endoscopic inflammatory EREFS-based 
remission should be defined as the inflammation-associated components (exudate, 
edema, furrows) score ≤ 2 (based on EREFS scoring from 0 to 8) c 
 In RCTs or observational studies, the endoscopic fibrotic EREFS-based remission 
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Outcome Domain Randomized Controlled Trials Observational Studies 
Patient-Reported 
Symptoms 
 In all RCTs, symptom severity in adults 
with EoE should be assessed using a 
generic instrument with a daily recall 
period d 
 
 In all RCTs, symptom severity in adults 
with EoE should be assessed using the 
following instruments: 
 Dysphagia Symptom Questionnaire 
 Eosinophilic Esophagitis Activity 
Index (7-day recall period) 
 
 In all RCTs, the following language 
should be used to query dysphagia in 
adults with EoE: 
 Dysphagia defined as trouble 
swallowing 
 Dysphagia defined as delayed or 
slow passage of food 
 
 In all RCTs, symptom severity in 
pediatric EoE patients should be 
measured using Pediatric Eosinophilic 
Esophagitis Symptom Score (PEESS 
v2.0) 
No patient-reported symptom instruments 
met consensus thresholds for use in all 
observational studies 
 
 In all observational studies, the 
following language should be used to 
query dysphagia in adults with EoE: 
 Dysphagia defined as trouble 
swallowing 
 Dysphagia defined as delayed or 
slow passage of food 
Quality of Life 
 In all RCTs, EoE-specific quality of life 
in adults should be measured using 
EoE Quality of Life (EoE-QoL-A) 
questionnaire 
 
 In all RCTs, pediatric EoE-specific 
quality of life should be measured using 
The Pediatric Quality of Life Inventory 
(PedsQL) EoE Module 
 When using PedsQL EoE Module 
for children, for whom both parent-
proxy report and child self-report are 
available, both should be reported in 
all RCTs 
No patient-reported quality of life 
instruments met consensus thresholds for 
use in all observational studies 
 
 1011 
a Remission cut-off of <15 eosinophils/hpf corresponding to <60 eosinophils/mm2 1012 
b See text (COS: Endoscopy Outcomes) for full details; if the EREFS is scored from 0 to 9, recommended to report 1013 
component scores to calculate post-hoc an EREFS score on a 0 to 8 scale 1014 
c Endoscopic remission recommended to be defined by EREFS≤2 if scored on 0 to 8, or 0 to 9 scale 1015 
d See text (COS: Patient-Reported Symptoms) for full details; considered appropriate to use a generic instrument with 1016 
a daily recall period in accordance with regulatory recommendations 1017 
Abbreviations: EoE eosinophilic esophagitis; EoEHSS EoE Histologic Scoring System; EoE-QoL-A, EoE Quality of Life 1018 
for adults, EREFS Endoscopic Reference Score; hpf high power field; PedsQL Pediatric Quality of Life Inventory; 1019 
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FIGURE LEGENDS 1022 
Figure 1. Core outcome set development process. 1023 
Figure 2. Outcome domains for inclusion in the eosinophilic esophagitis core outcome set. 1024 
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